Activated toll-like receptor (TLR) signaling pathway has been reported in several endocrine neoplasms and has been found to be associated with the upregulation of proinflammatory cytokines. These cytokines are widely known as critical mediators of tumorigenesis. The stimulation of antitumor immunity through the activation of the TLR pathway can lead to the inhibition of the carcinogenesis process. However, TLRs have been considered as putative therapeutic target in various human cancers. A chronic inflammation in the absence of infection induces oxidative stress, DNA damage, and tissue damage promoting tumorigenesis. Thus, TLRs can be viewed as having a double-edged sword function.
Accumulating evidences show the association between over-activation of TLR and cancer progression and TLRsignaling molecules are often involved in tumor progression. For example, TLR4 expression has been described in several human cancer, including intestinal [1] , breast, and prostate cancers [2, 3] and TLR3 in papillary thyroid cancer and cervical carcinoma [4] . Several studies support that TLR activation via TLR-adaptors such as MyD88 induces NFkB translocation to the nucleus. This induces proinflammatory cytokine secretion (IL6 and IL1), antiapoptotic factors (Bcl-XL, cIAP1, ABL), as well as, pro-angiogenic factors expression (VEGF). High expression of TLR3 has been reported in a papillary thyroid cancer cell line which is consistent with its overexpression in human papillary thyroid cancer in vivo [5] . As one of the main mediator of lipopolysaccharide action, the lack or overexpression of TLR4 has also been associated with aggressive follicular thyroid cancers [6] .
In this issue of Endocrine, Kim et al. [7] report that single nucleotide polymorphism (SNP) in TLR10 is associated with tumor size in patients with papillary thyroid cancer. TLR-1-TLR6-TLR-10 is located on the same chromosome and forms a cluster, and thus was the rationale for the authors to analyze these three TLR SNPs. They found that only a missense SNP in TLR10 (rs11466653, Met326Thr) showed a significant association with small tumor size (\1 cm). SNPs in the TLR-1-TLR6-TLR-10 cluster have been associated with increased risk of prostate cancer [8] .
Altered TLR-10 signaling in papillary thyroid cancer may be involved in the interplay between inflammation and tumorigenesis. For example, it has been shown by several groups that IL-6, IL-1, and VEGFA are important cytokines in thyroid carcinogenesis [9] [10] [11] . Most importantly, common somatic mutations in papillary thyroid cancer such us RET/PTC rearrangements and BRAF are involved in inflammation, where they have been shown to be involved in inflammatory response and in the infiltration of innate suppressive inflammatory cells in papillary thyroid cancer [12] . Thus, a cooperation of dysregulated TLR signaling pathway in the inflammatory response of microcarcinoma seems plausible.
Based on our current knowledge, TLR-10 expression seems to be restricted to immune cells like B cells or dendritic cells. Lymphocytic and dendritic cell infiltration is higher in patients with papillary thyroid cancer as compared to those with benign thyroid tumors [13] . Thus, the missense TLR-10 SNP reported by Kim and colleagues may influence the amount of lymphocytic infiltration in patients with small papillary thyroid cancer. Although lymph node metastasis and multifocality are important clinical characteristics of papillary thyroid microcarcinoma, the authors did not see any significant difference between patients with papillary thyroid cancer with and without lymph node metastasis. Future investigations including the analysis of TLR-10 polymorphism in microcarcinoma with and without lymph node metastasis and those with tumor lymphocytic infiltration will be important to better characterize the role of TLR-10 in papillary thyroid cancer.
There are several limitations to the study by Kim and associates. The authors excluded SNPs with minor allele frequency (MAF) less than 0.1. However, Tabangin et al. [14] have emphasized the importance of including MAF SNPs in analyses to rule out or minimize false-positive results. Therefore, minimizing MAF SNPs may result in loss of data. Another limitation is that the study was done in a homogenous population and thus the data may not be applicable to other populations. Despite these limitations, Kim and colleagues provide us with new data which suggest an association between missense TLR-10 SNP and papillary thyroid cancer and set the stage for future studies to determine the prevalence of this association and the relevance to papillary thyroid carcinogenesis by performing functional studies looking at the effect of the missense TLR-10 SNP in tumor cell biology.
